BACKGROUND: Goal-directed fluid therapy (GDFT) is associated with improved outcomes after surgery. The esophageal Doppler monitor (EDM) is widely used, but has several limitations. The NICOM, a completely noninvasive cardiac output monitor (Cheetah Medical), may be appropriate for guiding GDFT. No prospective studies have compared the NICOM and the EDM. We hypothesized that the NICOM is not significantly different from the EDM for monitoring during GDFT. METHODS: One hundred adult patients undergoing elective colorectal surgery participated in this study. Patients in phase I (n = 50) had intraoperative GDFT guided by the EDM while the NICOM was connected, and patients in phase II (n = 50) had intraoperative GDFT guided by the NICOM while the EDM was connected. Each patient's stroke volume was optimized using 250-mL colloid boluses. Agreement between the monitors was assessed, and patient outcomes (postoperative pain, nausea, and return of bowel function), complications (renal, pulmonary, infectious, and wound complications), and length of hospital stay (LOS) were compared. RESULTS: Using a 10% increase in stroke volume after fluid challenge, agreement between monitors was 60% at 5 minutes, 61% at 10 minutes, and 66% at 15 minutes, with no significant systematic disagreement (McNemar P > 0.05) at any time point. The EDM had significantly more missing data than the NICOM. No clinically significant differences were found in total LOS or other outcomes. The mean LOS was 6.56 ± 4.32 days in phase I and 6.07 ± 2.85 days in phase II, and 95% confidence limits for the difference were −0.96 to +1.95 days (P = 0.5016). CONCLUSIONS: The NICOM performs similarly to the EDM in guiding GDFT, with no clinically significant differences in outcomes, and offers increased ease of use as well as fewer missing data points. The NICOM may be a viable alternative monitor to guide GDFT. (Anesth Analg 2014;118:966-75) From the
P erioperative fluid management has long been a hotly contested topic and one that has direct bearing on patient outcomes. 1 In goal-directed fluid therapy (GDFT), intravascular volume status is optimized by assessing the hemodynamic response to fluid boluses. [2] [3] [4] GDFT has been associated with improved outcomes after moderate to major surgery, with shorter hospital stays, fewer intensive care unit admissions, earlier return of bowel function, and less postoperative nausea and vomiting. [5] [6] [7] [8] [9] [10] Although the benefits of GDFT are well documented, the best method for assessing tissue oxygenation and intravascular volume is still intensely debated. Routine intraoperative monitoring using heart rate (HR), arterial blood pressure (BP), and urine output (UOP) does not provide a precise measure of intravascular fluid volume or tissue perfusion. 2 A pulmonary artery catheter can provide a measure of cardiac output (CO) and mixed venous oxygen saturation, as well as left and right heart filling pressures, but it is invasive and is associated with complications. 11 As such, investigators have sought minimally invasive and noninvasive methods for assessing CO.
The esophageal Doppler monitor (EDM™, Deltex Medical, Inc., Irving, TX) has been widely used as a less invasive method for assessing CO and intravascular volume status. When used to guide GDFT, the EDM is associated with improved patient outcomes 6 ; however, it has several limitations. 12, 13 It is semiinvasive (requires placement of a tube in the esophagus), may not be well tolerated by awake patients, requires some training to acquire expertise in using the device, and may not provide an optimal signal in some patients.
The noninvasive CO monitor (NICOM, Cheetah Medical, Vancouver, WA) is a bioreactance-based monitor and is a sensitive and specific method for assessing fluid responsiveness. 14, 15 The NICOM is totally noninvasive, well tolerated in awake patients, and potentially applicable in a wide variety of patient populations. Four surface electrodes are placed across the chest, and using bioreactance technology, the device tracks hemodynamic variables including stroke volume (SV), SV variation, and CO.
No prospective studies have compared the NICOM and the EDM for guiding GDFT. As such, we conducted a prospective trial to compare GDFT guided by the NICOM versus the EDM in patients undergoing elective colorectal surgery with an Enhanced Recovery after Surgery (ERAS) protocol. Our primary hypothesis is that the NICOM does not differ significantly from the EDM in assessing baseline SV and change in SV after colloid boluses. Our secondary hypothesis is that length of stay (LOS) and postoperative complications are similar in patients receiving GDFT guided by the NICOM compared with the EDM.
METHODS

Patient Population
After approval by our IRB, written informed consent was obtained from 100 adult patients, with ASA physical status I, II, or III who were scheduled to undergo elective colorectal surgery. All patients received care according to an Enhanced Recovery After Surgery (ERAS) protocol. Briefly, the ERAS protocol includes ingestion of a carbohydrate-rich drink before surgery, placement of a thoracic epidural for intra-and postoperative pain management, minimizing intra-and postoperative opioid use, early removal of nasogastric and urinary catheters, early mobilization, and early advancement of diet. 16 This protocol is designed to improve recovery after colorectal surgery and has been shown in other studies to significantly shorten overall hospital LOS. 17, 18 The Duke ERAS protocol is outlined in Appendix 1.
Exclusion criteria for this study included the following: age <18 years, emergency surgery, preoperative smallor large-bowel obstruction, significant coagulopathy, significant renal or hepatic dysfunction (creatinine or liver enzymes more than twice the upper limit of normal), congestive heart failure, esophageal pathology (to avoid complications from the esophageal probe), gastric surgery, or participation in another investigational drug study.
Monitoring and Anesthetic Technique
On arrival in the preoperative holding area, a thoracic epidural was placed (T8-9 to T11-12 interspace) using a small amount of fentanyl and/or midazolam titrated to effect. The NICOM electrodes were placed on the patient's thorax, and the monitor was calibrated. Premedication with midazolam (≤2 mg IV) and fentanyl (≤100 mcg IV) was administered at the provider's discretion. All patients received American Society of Anesthesiologists-recommended standard monitoring including pulse oximetry, continuous electrocardiography, noninvasive BP, end-tidal CO 2 tension, and a continuous temperature probe. When clinically indicated, a central venous catheter or arterial catheter was placed.
Anesthesia
was induced with propofol (1.5-2.5 mg/kg) and maintained with a balanced inhaled technique. A Bispectral Index of 40 to 60 was targeted for all patients. After induction, an orogastric tube was inserted, and stomach contents were suctioned. Ventilation was instituted with 6 to 8 mL/kg tidal volume and was adjusted to maintain an end-tidal CO 2 partial pressure of 35 to 45 mm Hg. Active warming was performed using forced-air warming blankets and warmed IV fluids. Intraoperative analgesia was provided using an epidural dose of hydromorphone at induction (0.4-0.8 mg), followed by an infusion of bupivacaine (2.5 mg/mL, 3-6 mL/h). Neuromuscular blockade was provided by vecuronium or rocuronium and was monitored to maintain a single twitch of the train-of-4. In addition, patients received a prophylactic antiemetic (ondansetron, 4 mg IV) at the end of surgery. The orogastric tube was removed before extubation. Patients' tracheas were extubated, either in the operating room or postoperatively, when they fulfilled standard clinical criteria.
Fluid Management
After the placement of an IV cannula, a lactated Ringer's solution (LR) infusion (1 L) was commenced in the preoperative holding area. After induction of anesthesia and completion of the 1-L LR infusion, a crystalloid (LR) infusion was started and maintained throughout the procedure using a dedicated infusion pump (set at 3 mL/kg/h for laparoscopic colectomy and 5 mL/kg/h for open colectomy, based on lean body weight). An esophageal Doppler probe was greased with lubricating gel and inserted orally into the midesophagus in all patients after induction of anesthesia.
Additional fluid was administered based on the algorithm illustrated in Appendix 2, which has been validated in previous studies. 6 Briefly, after incision (in open cases) or pneumoperitoneum (in laparoscopic cases), patients received a 250-mL bolus of colloid solution (Voluven, 6% hydroxyethyl starch 130/0.4 in 0.9% sodium chloride) injected in 50-mL aliquots. If the SV increased >10% over a 15-minute period, the patient was considered "fluid responsive" and received another fluid bolus. If the SV increased <10% after the fluid bolus, the patient was considered "not responsive to fluids" and received another fluid bolus only when the SV decreased >10% from the most recent baseline (Appendix 2). Hemodynamic data were recorded by research personnel before and after each colloid bolus.
This study was conducted in 2 consecutive phases. In phase I (50 patients), investigators used the EDM for guiding GDFT while the NICOM was also connected and recording hemodynamic variables. All decisions to administer fluid during phase I were based on measurements from the EDM, with no consideration given to the NICOM measurements. In phase II (50 patients), GDFT was guided by the NICOM measurements while hemodynamic variables were simultaneously recorded by the EDM. All decisions to administer fluid during phase II were based on measurements from the NICOM, with no consideration given to the EDM measurements. Phase I was conducted over an 8-month period, whereas Phase II was conducted over a 6-month period immediately after phase I.
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NICOM Versus Esophageal Doppler Monitor for Goal-Directed Fluid Therapy During anesthesia, hemodynamic variables and UOP were recorded continuously. Vasoactive medications (phenylephrine and ephedrine) were used in cases of hypotension (mean arterial BP <80% baseline), and atropine (0.3-0.6 mg) was used in cases of bradycardia (HR <45 beats/min). At the end of the operation, the types and volumes of all fluids administered (including crystalloids, colloids, and blood products), an estimate of total UOP, and intraoperative blood loss were recorded.
Postoperative Recovery
Postoperative analgesia was accomplished using a balanced epidural local anesthetic/opioid solution (bupivacaine [0.125%] and hydromorphone [10 mcg/mL]) for up to 72 hours. After patients commenced oral fluids, the epidural catheter was discontinued, and pain was managed using oral or IV opioids and opioid adjuncts. Nausea and/or vomiting were treated with ondansetron (4 mg) or promethazine (6.25 mg) if ondansetron had been previously administered within 6 hours of the nausea/vomiting event. All preoperative medications were recommenced when the patients tolerated oral intake.
Data Collection
After calibrating the NICOM in the preoperative holding area, a baseline CO and SV were recorded. In the operating room, HR, BP, CO, and SV were recorded at baseline before a fluid challenge, every 5 minutes for 15 minutes after a fluid challenge, and every 15 to 30 minutes between fluid challenges. In the postanesthesia care unit (PACU), pain (at rest and with activity) and nausea were assessed hourly for up to 4 hours or until PACU discharge. In addition, the doses of all medications and volumes of all fluids received in the PACU were recorded.
Patients were visited daily in the postoperative period by independent research personnel until hospital discharge or death. During the visit, the patients were asked specific questions about adverse events, nausea, pain levels at rest and with activity, and bowel function. In addition, the types and dosages of all analgesic, antiemetic, vasoactive, or antibiotic medications were recorded. The daily volume of IV fluids (crystalloid and colloid) and UOP as well as the serum creatinine were also recorded. Postoperative care and discharge criteria are predefined using the hospital care map and protocol. The postoperative LOS was recorded, as well as any emergency department visits or hospital readmission for surgical complications within 30 days.
Statistical Analysis
Statistical analysis was performed using the SAS System® Enterprise Guide software (version 4.3, SAS, Cary, NC), and statistical significance was determined at α = 0.05. Sample size was based on a mean LOS of 5.0 days, SD = 3.0. It was estimated that 50 patients in each group would provide 80% power to demonstrate the hypothesis of equivalence, that the mean LOS in the 2 groups do not differ by >1.5 days, and similarly to reject a difference of ≥1.5 days. 6 This sample size would also provide similar power with McNemar test to detect a 25% difference between monitors in the proportion of patients deemed fluid responsive, assuming agreement as low as 57%.
Simple descriptive statistics were used to summarize demographic characteristics of patients. Agreement between the NICOM and EDM was assessed by Bland-Altman plots, correlations between absolute SV values, and McNemar tests comparing the proportion of patients deemed fluid responsive (10% increase in SV after a fluid challenge) at each time point. At each time point, responses from all fluid challenges were included in the Bland-Altman and McNemar tests. However, to address concern about the effect of correlation of multiple data points per patient in the Bland-Altman analysis, we present prediction intervals, which are based on the number of patients, rather than the usual limits of agreement. (Prediction intervals, calculated as bias ± t (0.975, n − 1) × SD 1 1 + ( / ) n , were all within 0.3 mL of their respective limits of agreement.) Differences between phase I and phase II patients in the PACU and in time to return of bowel function and maximum increase in creatinine from baseline, were assessed and described with t tests and confidence limits where appropriate. Because patients having laparoscopic surgery and/or hemicolectomies tend to have a shorter LOS than patients having open procedures or rectal surgery, LOS data were first analyzed with multivariate analysis of variance including these 2 factors and the phase of the study. In the absence of an interaction, difference between groups in total LOS was analyzed with a t test.
Postoperative recovery variables were analyzed with a variety of methods. To assess difference in postoperative renal function, we compared the peak fractional change in creatinine, or the maximum increase in creatinine from baseline, as detailed by Shaw et al. 19 Logistic regression was used to test the association between study phase and the incidence of fevers, wound dehiscence, reoperation, and need for antibiotics. Linear regression was used to test for association between study phase and postoperative vomiting (number of patients experiencing vomiting), need for antiemetics (number of patients requiring antiemetics), and postoperative oxygen requirement (number of days patients required supplemental oxygen).
RESULTS
One hundred patients were enrolled in this study. Intraoperative data were available for 49 patients from phase I and 50 patients from phase II, while postoperative data were available for all study participants. One patient in phase I had no useful intraoperative data due to monitor malfunction. Patient demographic information is included in Table 1 . The patients were well matched for most demographic characteristics. Of note, phase I contained more patients having laparoscopic surgery than phase II (P = 0.0440).
Intraoperative Characteristics
Intraoperative characteristics of study subjects are presented in Table 1 . No significant differences were found in phase I versus phase II patients with regard to anesthesia time, surgery time, volume of crystalloid or blood products used intraoperatively, estimated blood loss, and total dose of analgesic or antiemetic drugs used intraoperatively. After correction for time under anesthesia, patients in phase I received approximately 273 mL less colloid than patients in phase II (P = 0.0005). No significant differences were observed in the number of patients in each phase requiring intraoperative phenylephrine (P = 0.2053), ephedrine (P = 0.1025), or vasodilators (P = 0.8122).
Agreement Between the NICOM and EDM
The mean baseline SV was 94.10 ± 26.91 mL for the NICOM and 84.48 ± 30.38 mL for the EDM. There was a consistent and significant correlation of baseline SV between monitors (Pearson correlation coefficient, 0.45; lower 95% confidence limit = 0.30; P < 0.0001). In addition, Bland-Altman analyses were performed at baseline and at 5, 10, and 15 minutes after the fluid boluses ( Fig. 1 , A-D). At baseline, bias was −2.15 mL, precision was 31.73 mL, and the prediction interval extended from −65.4 to 61.1 mL. At 5 minutes, bias was −4.83 mL, precision was 33.76 mL, and the prediction interval extended from −72.2 to 62.5 mL. At 10 minutes, bias was −4.52 mL, precision was 33.34 mL, and the prediction interval extended from −71.0 to 62.0 mL. At 15 minutes, bias was −3.66 mL, precision was 34.57 mL, and the prediction interval extended from −72.6 to 65.3 mL.
The level of agreement on fluid responsiveness between the monitors after fluid challenge is shown in Table 2 . Using a 10% increase in SV after fluid challenge, agreement between the 2 monitors at 5 minutes was observed at 60% and estimated to be at least 54%. At 10 minutes, agreement was observed at 61% and estimated to be at least 56%. At 15 minutes, agreement was observed at 66% and estimated to be at least 61%. No statistically significant systematic disagreement was found between the monitors at any time point (McNemar statistic = 0.0286-0.6279, P > 0.05 at all time points) At the higher threshold for fluid responsiveness of a 20% increase in SV, the observed 15-minute agreement between the monitors increased from 66% to 76% (lower 95% confidence limits of 61% and 71%, respectively), with no substantial change in the χ 2 values or the McNemar statistics ( Table 2) .
The EDM had significantly more missing hemodynamic data than the NICOM at all time points (4.6% vs 2.1% at baseline, 6.0% vs 2.5% at 5 minutes, 9.4% vs 3.7% at 10 minutes, and 10.1% vs 5% at 15 minutes; P < 0.0001 at all time points). Between 61% and 81% of the data that were missing on the EDM were available on the NICOM.
Postoperative Recovery
There was no significant difference between patients with regard to time spent in the PACU, amount of IV fluids required, maximum nausea/pain scores, or the number of patients requiring antiemetics, analgesics, inotropes, or vasodilators (Table 3) .
Similarly, no significant difference in total LOS was found between the 2 groups. The mean LOS was 6.56 ± 4.32 days in phase I and 6.07 ± 2.85 days in phase II, and 95% confidence limits for the difference were −0.96 to +1.95 days (P = 0.5016). Patients in phase II had a significantly shorter time to bowel sounds (mean difference = 9.66 ± 17.66 hours, P = 0.0114), but a longer time to first oral liquids (mean difference = 7.28 ± 15.62 hours, P = 0.0228). However, there was no difference in time to solid intake, first flatus, first bowel movement, incidence of acute kidney injury, or other complications. (Table 4 ).
DISCUSSION
The NICOM performed similarly to the EDM when used for GDFT. There was reasonable correlation of baseline SV, and agreement on fluid responsiveness between the monitors was observed at 66% and estimated to be at least 61% at 15 minutes with no significant systematic disagreement at any time point. Moreover, phase I and phase II patients had similar clinical outcomes, with no clinically significant differences in LOS, postoperative bowel recovery, renal function, or other complications. The esophageal Doppler is a thin, flexible probe inserted into a patient's midesophagus where it measures blood flow velocity in the descending thoracic aorta. It uses a nomogram to calculate aortic cross-sectional area based on the patient's height, weight, and age. 20 The EDM is a valid measure of CO when compared with a pulmonary artery catheter 21 and is also appropriate for measuring hemodynamic response to fluid boluses in GDFT. 4 However, experience is required to become skilled in using this device, and an optimal signal may be difficult to obtain. 12 Transthoracic bioimpedance technology is used to measure changes in amplitude of high-frequency waves transmitted across the thorax. It has been available as a measure of CO for approximately 20 years, but has not been widely used due to problems with electrical interference and because the algorithm relies on hemodynamic stability and the absence of cardiac dysrhythmias. 12 The NICOM uses an improved algorithm based on bioreactance, which measures phase shifts in high-frequency waves transmitted across the thorax, with a nearly 100-fold improvement in the signal-to-noise ratio. 15 The device consists of 4 pads placed across the thorax that simultaneously emit and detect high-frequency, low-amplitude electrical currents and are connected to the monitor via a single cable. The NICOM has been validated for clinically acceptable precision and accuracy when compared with the pulmonary artery catheter in critically ill postoperative cardiothoracic surgery patients. 15, 22 GDFT is a means of optimizing intravascular volume status and tissue perfusion and has been associated with shorter hospital LOS, fewer intensive care unit admissions, earlier return of bowel function, and less postoperative nausea/vomiting. [5] [6] [7] [8] [9] [10] Systematic reviews have also reported decreased rates of acute renal injury 23 as well as a decrease in minor and major gastrointestinal complications 24 in patients receiving perioperative GDFT. Interestingly, a recent meta-analysis found a highly significant reduction in morbidity in patients receiving GDFT regardless of the monitoring technique used, that is, pulmonary artery catheter, esophageal Doppler, or other method. 25 Indeed, the benefits of GDFT are likely not monitor specific, but rather result from a systematic approach to hemodynamic optimization. 26 Emerging CO monitors are typically validated by comparison to a reference standard, often pulmonary artery catheter-based thermodilution, which many consider to be the "gold standard" for CO measurement. Interestingly, the true gold standard for CO measurement is a surgically implanted aortic flowprobe, 27 which the NICOM has been validated against in animal studies with clinically Measurements are mean ± SD or n (%). Two-sample t test or χ 2 test used to detect differences between the 2 groups. One patient in phase II had missing postanesthesia care unit data. Measurements are mean ± SD or n (%). Two-sample t test or χ 2 test used to detect differences between the 2 groups.
aNesthesia & aNalgesia NICOM Versus Esophageal Doppler Monitor for Goal-Directed Fluid Therapy acceptable accuracy. 28 However, pulmonary artery catheter-based thermodilution techniques are used as the practical gold standard for human CO measurement, despite being an imperfect reference. 27, 29 Often used to compare CO monitors, Bland-Altman analysis assesses agreement between 2 methods by measuring systematic differences between methods (bias) and standard deviation of these differences (precision), with the prediction interval calculated as bias ± (1.98 × precision). 30 In addition, the percentage error (1.98 × precision/mean CO or SV at a given time) is often reported, and it has been proposed that the threshold for accepting a new CO monitor should be a percentage error <30% when compared with thermodilution. 31 Interestingly, a subsequent meta-analysis found that none of 4 commonly used minimally invasive CO monitoring techniques (pulse contour analysis, esophageal Doppler, partial CO 2 rebreathing, and thoracic bioimpedance) have <30% percentage error, and most techniques approach 45% percentage error when compared with thermodilution. 32 A more recent study measured cardiac index by esophageal Doppler, LiDCO Rapid (LiDCO LTD, London, UK), and the FloTrac (Edwards Lifesciences, Irvine, CA) side by side in cardiac surgery patients and found a percentage error of 64.5%, 54.2%, and 47.6%, respectively, when compared with thermodilution. Moreover, the same study found relatively poor agreement between the monitors and thermodilution regarding whether CO increased after fluid bolus (63.6% agreement for esophageal Doppler, 54.6% agreement for LiDCO, and 33.3% agreement for FloTrac). 33 Taken as a whole, these data suggest at least moderate discord between each method and the reference, thermodilution. This is not surprising given the different methods involved and the inherent error of thermodilution (10%-20%). As such, the quest for close to complete agreement between 2 methods may be illusive. However, the acceptable limits of agreement between 2 minimally invasive CO monitors have not been ascertained.
Bland-Altman analysis has many limitations. Most notably, it evaluates the ability of 2 technologies to measure the same quantity under stable conditions. However, many authors agree that the most important characteristic of a CO monitor is its ability to track changes in CO. 32, 34, 35 Similarly, the focus of our study was not the absolute agreement between the NICOM and EDM, but rather their ability to measure SV response to fluid bolus. To that end, the NICOM performed similarly to the EDM. Using a 10% increase in SV, the 2 monitors declared a similar proportion of patients as fluid responsive at each time point (e.g., 39 .5% fluid responsive vs 41.9% at 15 minutes), with no significant systematic disagreement and an observed agreement of 66% at 15 minutes.
As noted previously, 12, 13 the EDM has many limitations. The device is somewhat invasive, requiring placement of a tube in the esophagus, and is not well tolerated by awake patients. In addition, some training is required to achieve competency, and an optimal signal can be difficult to obtain in some patients. Moreover, electrocautery interferes with the EDM signal, resulting in data loss during surgery. In our analysis, there was a significantly higher proportion of missing data using the EDM, with the majority of that being available by the NICOM, indicating that the NICOM may be more reliable for GDFT in the perioperative environment. We postulate that these missing data are due to interference from electrocautery and that the signal averaging of the NICOM renders it more resistant to electrocautery than the EDM.
Few clinically significant differences in recovery were observed between patients whose GDFT was guided by the NICOM versus the EDM. Patients in phase II not only received significantly more colloid intraoperatively, but also tended to have a lower mean arterial BP, cardiac index, and SV than patients in phase I, which may account for this difference. In addition, all recovery variables in the PACU were similar, including LOS, volume of IV fluids, requirements for vasoactive drugs, and relevant measures of pain and nausea.
Also, few significant differences between groups were found in postoperative recovery. No significant differences in total LOS or recovery of bowel or renal function were noted. Moreover, there were no significant differences between groups in postoperative surgical, pulmonary, or infectious complications. The total mean LOS (phase 1: 6.56 ± 4.32 days, phase II: 6.07 ± 2.85 days) was similar to that seen in a previous GDFT study at our institution. 6 Patients in phase II had a significantly shorter time to first bowel sounds but a longer time to first liquid intake, with no significant differences in time to solid intake, first bowel movement, postoperative nausea, vomiting, or antiemetic treatment. It is interesting to note that although bowel sounds are considered a routine part of the abdominal examination, their diagnostic value has been called into question, 36 particularly in postoperative patients. 37 This study had some limitations. Patients were assigned to groups sequentially rather than by randomization. We chose this approach so that agreement statistics between the NICOM and EDM could be calculated after phase I before proceeding to phase II. This allowed us to verify the accuracy of the NICOM before instituting it into our clinical algorithm, as this was the first study that used the NICOM to guide GDFT. There was a relatively frequent incidence of laparoscopy in our study, which can induce a number of hemodynamic changes including alterations in venous return and regional blood flow, decreased SV and CO, and increases in afterload and systemic vascular resistance. 38 In addition, more phase I patients had laparoscopic surgery and hemicolectomies compared with phase II patients. However, there was no interaction between phase of study and type of surgery in the LOS analysis (P = 0.1952 for laparoscopic × phase interaction, P = 0.1519 for hemicolectomy × phase interaction). Alterations in venous pressure during pneumoperitoneum may render pressure-based measures of preload less accurate, 39 thus increasing the need for noninvasive technologies to measure hemodynamics during laparoscopy, such as the NICOM. It is interesting to note that although the EDM algorithm makes assumptions about regional blood flow, which may be altered by pneumoperitoneum, the EDM and NICOM performed similarly in our analysis. In addition, our baseline EDM and NICOM SV measurements showed only a modest correlation (Pearson correlation coefficient, 0.45; lower 95% confidence limit = 0.30; P < 0.0001), and the Bland-Altman limits of agreement/prediction intervals were large relative to the mean SV. However, we believe that this reflects the inherent imprecision of the comparator (EDM) in this study. Moreover, given the lack of significant differences in clinical outcome between the NICOM and EDM groups, we maintain that the 2 monitors perform similarly for clinical use as part of a GDFT algorithm.
It also should be noted that the ERAS protocol at our institution is a broad-based protocol with many components. We believe it is likely that each component contributes in some way to the overall benefit patients receive. However, it would be quite difficult to show that any additional intervention (such as NICOM or EDM) provides any additional benefit while studying them in the context of our ERAS protocol. Although the data were collected by independent research staff not involved in the intraoperative management of patients, it was not possible to blind the anesthesiologists to the treatment group. However, in both phases of the study, fluid was administered according to a protocol, which may have minimized bias. Also, some of the medications used intraoperatively (epidural local anesthetics, opioids) may have affected bowel function, although there were no significant differences in intraoperative opioid or local anesthetic use. Finally, since this study was conducted over a period of approximately 11 months, it is feasible that surgical skills and/or technology improved during that time. However, GDFT is routinely practiced in this cohort of surgical patients.
In conclusion, no significant differences were found between the NICOM and EDM in ability to assess fluid responsiveness as part of a GDFT algorithm. In addition, there were no clinically significant differences in LOS and postoperative recovery when GDFT was guided by the NICOM or the EDM. However, the NICOM captured significantly more data than the EDM, was more user friendly, and is less invasive than the EDM. Therefore, NICOM may be a viable alternative for guiding GDFT 
